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ABSTRACT
The variability of the high-frequency peaked BL Lac object PKS 2155−304 is studied using
almost 10 years of optical, X-ray and γ-rays data. Publicly available data have been gathered
and analyzed with the aim to characterize the variability and to search for log-normality or
periodic behavior. The optical and X-ray range follow a log-normal process; a hint for a peri-
odicity of about ≈ 700 days is found in optical and in the high energy (100 MeV < E < 300
GeV) range. A one zone, time-dependent, synchrotron self-Compton model is successfully
used to reproduce the evolution with energy of the variability and the tentatively reported
periodicity.
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1 INTRODUCTION
Blazars are a subclass of active galactic nuclei with a relativistic jet
pointed towards the Earth. The observed emission, from radio up
to TeV energies, is dominated by their jet. Nevertheless, the precise
composition of the jet as well as the acceleration and emission pro-
cesses involved are not known. If the jet is dominated by leptons
(e± pairs), leptonic models such as the synchrotron self-Compton
(Band & Grindlay 1985, SSC) or the external Compton (Dermer
& Schlickeiser 1993) are invoked to reproduce the electromagnetic
emission. These models differ essentially in the target photon field
for the inverse Compton emission. Alternatively, hadronic models
have been considered, where γ-rays are emitted through photo-
production of pions (e.g. Mannheim 1993) or synchrotron emis-
sion of protons (e.g. Aharonian 2000). Unfortunately, to disentan-
gle between these models, fits of the time-averaged spectral energy
distribution (SED) are insufficient.
However, one of the striking properties of blazars is their vari-
ability1. Their brightness can vary at time scales ranging from min-
utes to years, and this behavior has been observed at all wave-
lengths, from radio waves to X-rays and gamma rays. The two
classes of models predict different variability patterns. Hence, long-
term observations and statistical studies of the variability are key
tools in the comprehension of these objects.
? david.sanchez@lapp.in2p3.fr
1 Another diagnostic tool is provided by multimessenger studies, notably
in high-energy neutrinos, which till now is however limited to the single
spectacular case of the blazar TXS 0506+056 (Aartsen et al. 2018).
PKS 2155−304 (redshift z = 0.116; Falomo et al. 1993) is a
very well known blazar detected at TeV energies for the first time
in 1999 (Chadwick et al. 1999) and later confirmed by Aharonian
et al. (2005). It has been classified as high-frequency peaked (HBL)
thanks to X-ray observations from the HEAO-1 satellite (Schwartz
et al. 1979). At TeV energies, this object exhibits large flares on
minutes timescale (Aharonian et al. 2007) but also variation on
longer timescales (H.E.S.S. Collaboration et al. 2017). At lower en-
ergy, Fermi-LAT reported variability on monthly timescale (Acero
et al. 2015) as well as much more rapid flares (Cutini 2014, 2013).
In X-ray, the source exhibits variability (see e.g. Gupta 2015) and
even intra-day variability was reported (Pandey et al. 2017).
PKS 2155−304 variability in optical and X-ray can be deeply
studied thanks to systematic observations by SMARTS, RXTE,
Swift /XRT and XMM-Newton. With the impressive dataset
recorded by H.E.S.S. in the TeV range over 9 years (H.E.S.S. Col-
laboration et al. 2017) and the constant monitoring of the Fermi-
LAT, such studies can be extended to the γ-ray band as well.
This article is structured as follows: Section 2 presents the
multiwavelength dataset used. Section 3 details our analyses on the
variability of PKS 2155−304. A time-dependent modeling is pre-
sented in Section 4. In Section 5, we summarize our results and
conclude.
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2 OBSERVATIONS AND ANALYSIS
2.1 γ-rays datasets
In the very high energy (VHE, E & 100 GeV) range, this work
makes use of the H.E.S.S. data presented in H.E.S.S. Collab-
oration et al. (2017), reporting on 9 years of observations of
PKS 2155−304. In the high energy (HE, 100 MeV < E . 300 GeV)
range, the Fermi data presented in Chevalier et al. (2015), where
the light curves have been computed in two energy bands, are also
used.
The possibility to extend the Fermi (as well as X-ray, and
optical) light curve to further data taking periods was considered
since—contrarily to H.E.S.S. data for an article external to the col-
laboration as this one—the former are available. Nevertheless, we
deemed very important the role of the H.E.S.S. instrument for the
phenomenological interpretation, since probing a unique spectral
range, and thus more helpful than the added value of a data taking
extension limited to the lower energies.
2.2 X-ray datasets
PKS 2155−304 has been regularly observed by the X-ray obser-
vatories RXTE, Swift /XRT and XMM-Newton. Preliminarily, we
have gathered both monitoring and target of opportunity (ToO) ob-
servations of PKS 2155−304. However, since ToO observations
bias the dataset towards high flux values, only monitoring data have
been considered. Further, we applied a correction for the Galactic
absorption with nH = 1.48× 1020 cm−2, according to Kalberla et al.
(2005).
RXTE data consist in publicly available2 pre-analyzed light
curves in four energy ranges: the full range from 2 to 10 keV and
three subranges 2–4, 4–7 and 7–10 keV.
Swift /XRT data in the energy bands 0.3–2, 2–4, 4–7, 7–10
and 2–10 keV have been analyzed using the package HEASOFT
6.16. The data were recalibrated using the last update of CALDB
and reduced using the standard procedures xrtpipeline and
xrtproducts. Caution has been taken to properly account for pile-
up effects for corresponding affected exposures, and spectral fits
were performed using Xspec 12.8.2 assuming a power-law spec-
trum.
XMM-Newton public EPIC (European Photon Imaging Cam-
era) data in the energy ranges 0.3–2, 2–4, 4–7, 7–10 and 2–10 keV
have been reduced using the SAS software package (version 14.0)
and analyzed following Tatischeff et al. (2012).
Figure 1 presents the X-ray light curves in the total 2-10 keV
range as well as in the 4 energy sub-ranges.
2.3 Optical dataset
SMARTS (Small and Moderate Aperture Research Telescope Sys-
tem, Bonning et al. 2012) data are publicly available3. Magnitudes
have been corrected for the absorption of the Galactic foreground
following Schlafly & Finkbeiner (2011) and converted to a spectral
flux density using the zero flux values of Cohen et al. (1992). The
light curves, shown in Fig. 2, are taken in four bands (J, R, V and
B) in the same time windows as Fermi (MJD 54603 to 56622).
2 http://cass.ucsd.edu/rxteagn/
3 http://www.astro.yale.edu/smarts/glast/home.php
3 RESULTS
3.1 Fractional variability
To study the variability of PKS 2155−304 , the fractional variabil-
ity Fvar as defined in Vaughan et al. (2003) has been computed for
each energy bin (Table 1). Figure 3 presents the evolution of Fvar as
a function of the energy (hereafter variability energy distribution).
The value in the TeV range computed in H.E.S.S. Collaboration
et al. (2017) is also reported. There is a clear trend, with Fvar in-
creasing with energy from the optical range to X-ray. In γ-rays,
Fvar is lower than in X-ray but also increases with energy. This bi-
modal structure has been already reported for this source in Aharo-
nian et al. (2009b) but is shared also by other objects, e.g. Mrk421
(Giebels et al. 2007; Ahnen et al. 2016).
3.2 Log-normality of the flux
We fit the X-ray and optical flux distribution Φ and its logarithm
log(Φ) with a Gaussian. The results are summarized in Table 2, also
reporting the χ2 values. All light curves present a > 3σ preference
for a log-normal distribution, i.e. the distribution of log(Φ) is better
described by a Gaussian than the distribution of Φ.
The excess variance σXS as defined in Vaughan et al. (2003)
vs. the average flux Φ is shown in Figure 4. Each light curve is split
in several bins with at least 20 points to ensure sufficient statistics
to compute σXS and Φ. These two quantities are clearly correlated,
and linear fit is found to better reproduce the data than a constant
fit (see Table 2). Although insufficient statistics has prevented to
reach firm conclusions in the HE range, H.E.S.S. Collaboration
et al. (2017) has reported a similar behavior in the VHE range.
Overall, these results are suggestive of multiplicative processes as
main responsible for the variability of PKS 2155−304 through the
whole spectrum. In such a stochastic process, a high flux leads to an
increased variability which, in turn, possibly leads to higher flux.
Evidence for log-normality on different time scales has been
reported for different sources: BL Lacertae in X-ray (Giebels &
Degrange 2009), in the VHE for the BL Lac Mrk5 01 (Tluczykont
et al. 2010; Chakraborty et al. 2015) or for PKS 2155−304 , dur-
ing flaring event in VHE (Aharonian et al. 2009a). This behavior
was also observed for non-blazar objects, such as for the Seyfert
1 galaxy IRAS 13244−3809 in X-rays (Gaskell 2004). There are
growing evidences that this behavior is a common feature of ac-
creting systems. In the context of galactic X-ray binaries, where
log-normal flux variability has first been established, such a behav-
ior is thought to be linked to the underlying accretion process (Utt-
ley & McHardy 2001). The detection of log-normality in a Seyfert
1 galaxy, a class of radio quiet AGN lacking a relativistic jet and
whose emission line emission correlates with the amount of gas sur-
rounding the central engine, strengthens the link between accretion
disk and log-normal behavior.
3.3 Search for periodicity
Sandrinelli et al. (2014) reported a possible periodic behavior in
the optical and HE light curves of PKS 2155−304 and an intrigu-
ing coincidence of a period in HE roughly double the one in opti-
cal was noted. To study further such periodic features, the multi-
wavelength light curves are analyzed with a Lomb Scargle peri-
odogram (LSP; Lomb 1976; Scargle 1982). The LSP is a method to
estimate the Power Spectrum Density (PSD) of a time series based
MNRAS 000, 000–000 (0000)
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Figure 1. X-ray light curves in the different energy ranges presented in Section 2.2. Black points: Swift /XRT, pink triangles: XMM-Newton, blue squares:
RXTE. From bottom to top: 0.3–2 keV, 2–4 keV, 4–7 keV, 7–10 keV and the full common range 2–10 keV.
on a least squares fit of sinusoids to the data sample. The advan-
tage of the LSP compared to a classical Fourier analysis is that it
takes into account the uneven spacing of the data. The standard
LSP was used (section 5 of VanderPlas 2018), as implemented in
the astropy package (Astropy Collaboration et al. 2018).
In this work, the light curves are not evenly sampled and
binned differently. Moreover, gaps between observations - appear-
ing from the impossibility to observe the source during some period
of the year - have to be taken into account. For all the analyses, the
maximum frequency is set following section 4.1.3. of VanderPlas
(2018) to fmin = 1/(2δt) where δt is the typical integration time. To
have uniform results, this has been set according to the most con-
straining data set, i.e. the Fermi-LAT integration time (10 days).
The LSPs of the SMARTS (in the R band only for the sake
of clarity), X-ray, Fermi-LAT and H.E.S.S. light curves are shown
in Fig. 5 along with the 1σ and 2 σ confidence intervals. The X-
ray and H.E.S.S. light curves do not show any periodic feature. In
optical, the B,R,V and J bands exhibit a significant periodicity, with
the best fit period ranging from 715 to 733 days depending on the
band, while the HE light curve is found to have a periodicity of
685±9 days. Sandrinelli et al. (2014) found a similar period in the
HE range as the one reported here, but a T≈315 day period for the
optical light curve. While we do confirm the presence of a peak in
MNRAS 000, 000–000 (0000)
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Figure 2. SMARTS light curves in the different available bands (from top to bottom): J, R, V and B.
MNRAS 000, 000–000 (0000)
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Figure 3. Variability energy distribution of PKS 2155−304. SMARTS, RXTE, Swift /XRT and XMM-Newton data were analysis in this work. Fermi-LAT and
H.E.S.S. data were extracted from Chevalier et al. (2015) and H.E.S.S. Collaboration et al. (2017), respectively.
Figure 4. Excess variance σXS as a function of the mean flux Φ in X-ray and in the SMARTS R band. The red line is the result of a linear fit to the data.
MNRAS 000, 000–000 (0000)
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Table 1. Fvar values for each energy range of the PKS 2155−304 data set presented in this work.
Energy range Fvar
0.2–10 TeVa 0.657 ± 0.008
0.1–1 GeVa 0.36 ± 0.04
1–300 GeVa 0.43 ± 0.02
0.3–2 keV 0.591 ± 0.004
2–4 keV 0.716 ± 0.003
4–7 keV 0.796 ± 0.004
J 0.383 ± 0.005
R 0.369 ± 0.003
V 0.371 ± 0.004
B 0.378 ± 0.004
aFrom H.E.S.S. Collaboration et al. (2017)
bFrom Chevalier et al. (2015)
Table 2. Left: Values of χ2 for the Gaussian fit of Φ and log(Φ), with values for the significance σ. Right: Values of the reduced χ2 of the constant and linear
fits of the scatter plots shown in Fig. 4 for each light curve. ρ is the correlation factor. The corresponding data set is named in the first column.
Φ log(Φ) constant linear increase
χ2/d.o.f. χ2/d.o.f. σ χ2/d.o.f. χ2/d.o.f. ρ
X-ray 80.0/12 12.5/9 7.69 782/10 260/9 0.85 ± 0.02
SMARTS (J) 56.6/13 5.1/12 7.18 3077/13 865/12 0.81 ± 0.01
SMARTS (R) 29.9/13 8.7/11 4.22 22462/16 7858/15 0.93 ± 0.02
SMARTS (V) 65.1/12 9.1/11 7.48 3800/15 1746/14 0.76 ± 0.01
SMARTS (B) 30.2/13 15.4/12 3.85 3676/15 2234/14 0.72 ± 0.01
the LSP of optical data around 300 days, the most intriguing excess
of the power is at '700 days (see Fig. 5), since it is found both in
optical and HE light curves.
In order to assess the significance of our results, light curves
without periodicity have been simulated and rebinned according to
the observational time binning. This allows one to factor out instru-
mental effects such as windowing due to sparse observation and/or
binning in time due to limited sensitivity. Each simulated light
curve has been obtained by inverse Fourier transform of power-law
noise, without adding a constant term, adopting a different spectral
index for each energy ranges. In VHE, an index of 1.1 has been
taken while in HE, the used value is 1.2. (H.E.S.S. Collaboration
et al. 2017). In optical and X-ray, an index of 1.2 has been used.
We have also checked that the results are robust with respect to
slight (∼ 10 − 20%) changes of the spectral index, representative
of typical fit uncertainties.Then, for each period, the range of LSP
power spanned by 68% (95%) of the realizations is used to derive
the 1 σ (2 σ) contours shown in Fig. 5.
One limitation of the visual inspection of Fig. 5 is that it can-
not obviously account for the trial factor effect, coming from a scan
over different frequencies tested. Note that the astropy python
package used here can provide an estimate of a false alarm prob-
ability (FAP) taking into account the trial factor; however, it im-
plicitly assumes non-varying data with Gaussian noise, while the
real data follow a red noise behavior. As such, this estimator can-
not be taken at face value. We merely use it to perform some sanity
checks, e.g. to verify that the FAP computation following Baluev
(2008) yields more conservative results than the method (Vander-
Plas 2018), as expected.
Despite this limitation, our results remain intriguing: While
taken separately each of the peaks found in the right panels of Fig.
5 might not be statistically very significant, by interpreting e.g. the
Fermi-LAT results as a test search to suggest the most interesting
periods to search a priori in the optical bands, the ∼ 3σ excess
found in SMARTS data sample at comparable period of '700 days
can be taken more or less at face value, since (most of) the trial
factor is basically accounted for in the Fermi-LAT sample search.
Albeit heuristic, this argument is also what singles out this period
compared to others, for which no matching is seen in the multi-
wavelength comparison.
Besides the above-mentioned technical difficulties, these
kinds of long-term periodicity analyses suffer from physical lim-
itations, such as the fact that only a few periods are probed. It
is also worth noting that in a recent article, Covino et al. (2018)
warned that for none of the blazars whose periodicity in Fermi-
LAT band is reported in (Prokhorov & Moraghan 2017; Sandrinelli
et al. 2017; Zhang et al. 2017a,b) a strong statistical case can be
made. However, Covino et al. (2018) only used Fermi data; one
comforting cross-check from the multiwavelength data presented
here is that cross-correlations between LAT and optical data are
significant both at times τ = 0 (no delay) and at a timescale ap-
proximately equal to the reported periodicity. We take the simul-
taneous hints for a periodicity around 700 days in both Fermi and
optical datasets as the most intriguing indication of our analysis.
While awaiting a definitive confirmation in a priori searches in fu-
ture independent datasets, in the next section we will tentatively
considering the implications of including or not this periodicity for
the interpretations in the context of a simple SSC model.
MNRAS 000, 000–000 (0000)
Variability studies of PKS 2155-304 7
Figure 5. Lomb Scargle periodogram for the R band of SMARTS (top left), the full range X-ray light curve (top right), the full range Fermi-LAT data (bottom
left) and the H.E.S.S. full range (bottom right). The black line represents LSP applied to the data, while the purple area is the local 1 σ confidence interval
coming from the simulations, with the mean value represented by the solid purple line. The dashed purple line encloses the local 2 σ confidence interval
coming from the simulations. The vertical, dashed blue line marks the most prominent periodicity.
4 TIME-DEPENDENT MODELING
4.1 The synchrotron self-Compton model and the
steady-state of PKS 2155-304
In order to reproduce the results found in this work and especially
the variability evolution with energy, a one-zone synchrotron SSC
model has been considered (Band & Grindlay 1985). In this model,
the first bump of the SED is produced by the synchrotron radiation
of electrons spinning into the uniform magnetic field B of the jet.
The second bump of the SED is explained by inverse Compton scat-
tering of the same electrons population on the previous synchrotron
photon field. The emission is assumed to be produced by a homo-
geneous region of radius R propagating in the jet with a Doppler
factor δ.
If electrons are injected with a time dependent function Q(E, t)
and radiate their energy via synchrotron or inverse Compton pro-
cesses, the electron density Ne is given by the diffusion equation:
dNe(E, t)
dt
=
∂
∂E
[
(γ˙S + ˙γIC) Ne(E, t)
]
+ Q(E, t),
where γ˙S and ˙γIC are the synchrotron and inverse Compton cool-
ing rates of the electrons. The escape of the electrons is not taken
into account in this model. If the escape time scale is larger than
the cooling time scale, this has no effect in the model. Lower time
scales will lead to an achromatic decrease of the variability. The
injection of the electrons Q(E, t) is chosen to be a power-law with
exponential cut-off:
Q(E, t) = N0(t)E−α(t) exp
( −E
γcut(t)
)
,
where N0 is the injection normalization, α the power-law index and
γcut the energy of the exponential cut-off.
The equation is solved numerically using the algorithm of
Chang & Cooper (1970) for each time step, which allows us to
follow the evolution of the electron density and hence of the emit-
ted flux. The time-averaged SED has been modeled by reaching
the steady state of the diffusion equation for Q(E, t) ≡ Q(E). The
parameters used are given in Table 3.
4.2 Simulation of the variability
To introduce the variability in the model used in this work, one of
the parameters of the model was chosen to vary with time. Giebels
et al. (2007) modeled the emission of Mrk 421 with a similar model
and an injection function being a relativistic Maxwellian function.
They found that two flux states (high flux and low flux) can be
reproduced by merely changing the characteristic energy. Most in-
MNRAS 000, 000–000 (0000)
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Table 3. SSC model parameters of the steady state of PKS 2155−304.
Normalisation N0 2.7 × 1047 electrons
Index α 2.3
Cut off energy log(γcut/1 eV) 5.3
Magnetic field B 0.1 G
Radius R 2 × 1016 cm
Doppler factor δ 35
teresting is that they predicted small flux variations in optical and
GeV ranges and high variations in X-ray and TeV range. In the
modeling presented here, γcut is similar to their Maxwellian char-
acteristic energy. Since the number of injected particles increases
exponentially with γcut, the relevant parameter is then log(γcut).
AGN light curves generally show power-law noise of the form
1/ f β (Lawrence & Papadakis 1993). To reproduce this property,
log(γcut) is varied during the simulations following a power-law
noise of index β and total variance σ, and a mean of log(γcut) = 5.3.
Simulations of the variation of log γcut are drawn following Timmer
& Koenig (1995). Note that time series of log γcut were constructed
on a timescale ten times longer than the needed amount, to ensure
that long term variations are well reproduced using this technique.
Simulations with β ∈ [1.0, 1.5, 2.0] and σ ∈ [10%, 15%, 20%,
25%] were performed to find the couple that best reproduces the
variability energy distribution. In total, 200 simulations of 10 years
each with a binning of 9.5 minutes in the observer rest frame (to
ensure that small variations are simulated) were performed. Values
of β = 1.0 (i.e. flicker noise) and σ= 20% were found to best match
the variability energy distribution. The results of the simulations
are found to be mostly sensitive to σ. Indeed, increasing this pa-
rameters increases the measured variability mainly in optical and
Fermi energy ranges.
Figure 6 shows again the variability energy distribution (black
points as from Table 1) but also reports the simulated Fvar as an
orange band. The variability increases from the lowest energy up
to the X-ray domain, then drops in the HE range, and eventually
increases towards TeV energies, following the same trend as the
data, albeit quantitative discrepancies are noticeable.
To take into account the differences between each instrument,
each simulated light curve is rebinned in time and energy follow-
ing the observations of each instrument. The cyan points/boxes
represent the variability of the simulated light curves after rebin-
ning. Such binning does not change much the pattern in optical, X-
ray and TeV energies. However, the variability in the Fermi-LAT
ranges is sensibly reduced, now matching the data within errors.
This is likely due to the important time bins (10 days) used for
the Fermi-LAT analysis. The only band which appears in clear dis-
agreement with the model is the optical range, where the variability
of the SMARTS data is not reproduced; another source of variabil-
ity has to be invoked.
4.3 Power spectral density
In H.E.S.S. Collaboration et al. (2017), both the HE and VHE
power spectral density were computed. It was found that they can
be quite well characterized by a flicker noise, the best-fit power-law
indexes being βHE = 1.20+0.21−0.23 and βVHE = 1.10
+0.10
−0.13, respectively.
For completeness, we report in Figure 7 a comparison of PSD ob-
tained in the simulations (orange-shaded areas) vs. the multiwave-
length data (VHE, HE, X-ray and optical/R band). The cyan band
accounts for the correct binning in time, according to the actual
observations: notice how this effect is crucial for the simulation to
match the data. It is noticeable that this is an important consistency
check, since nothing in the simulation was tuned to reproduce the
PSD.
4.4 Adding a periodic component
The hinted periodicity of PKS 2155−304 in the optical band (and,
to some extent, at HE) could be explained by different physical
effects.
The most frequently discussed culprit for quasi-periodic be-
havior in blazars are quasi-periodic modifications of the Doppler
effect. A fascinating possibility is that a binary supermassive black
hole (SMBH) system could be at the center of these AGN, in-
stead of just one SMBH as assumed in the general AGN picture
(Begelman et al. 1980). This binary system could cause a periodic
change in the accretion rate of the matter coming from the disk and
even misalign the accretion disk (Dog˘an et al. 2015, and references
therein). A similar outcome may be due to the Lense-Thirring ef-
fect, breaking the central regions of tilted accretion disks around
spinning black holes, see e.g. (Dog˘an et al. 2015, , and references
therein). These scenarios however face the difficulty that jet pre-
cession is expected to happen on too long time scales, ∼ 106 years
according to the analyses of King et al. (2008) and Nixon & King
(2013). A recent study (Sandrinelli et al. 2018) also points out the
tension that a binary SMBH origin associated to (the relatively
common) blazar periodicity may have with pulsar timing array lim-
its on the gravitational wave emission of such close SMBH bina-
ries. In Raiteri & Villata (2017), optical-to-radio monitoring of the
blazar CTA 102 has been argued to support a scenario where mag-
netohydrodynamic instabilities or the rotation of a twisted jet cause
different jet regions to change their orientation4, hence their relative
Doppler factors. Other observational evidence in the AGN BL Lac-
ertae and M 81 suggesting a precession motion of their jets looking
at radio knots with VLBI observations can be found in Stirling et al.
(2003); Caproni et al. (2013); Marti-Vidal et al. (2013).
With the aim to test if a periodic variation of the Doppler factor
can account for the observations of PKS 2155−304 , we performed
simulations analogous to what previously described, but adding on
top of the stochastic variation of log(γcut) a sinusoidal time series
δ(t) = δsteady state + 5× sin(t+T ). We fix δsteady state = 35 from
what is found in Section 4.1. The amplitude is an had-oc value.
This addition yields an increase of the global variability in an
achromatic way. To compensate for this effect, the simulations were
redone with σcut = 15%, keeping β = 1.
The resulting variability energy distribution is shown in Fig-
ure 8. The shape of the variability energy profile stays roughly
4 however see e.g. Zacharias et al. (2017) for an alternative interpretation
of the recent variability exhibited in CTA 102.
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Figure 6. Variability energy distribution Fvar(E) for the best configuration of the power-law noise of log(γcut(t)) with β = 1 and σ = 20%. The black points are
the Fvar of the data presented in Sec. 2. The orange curve is the Fvar(E) for the simulated light curves while the cyan points represent the Fvar for the simulated
light curves rebinned in energy and in time.
the same, with however a flatter part in the optical range around
Fvar = 0.20 − 0.25, rising the variability levels of the simulation in
this range compared to the non periodic one (Figure 6).
It is clear that the periodicity can (at least partially) explain
why the SMARTS data are more variable than the previously con-
sidered model. Within this new scenario, this energy range would
be dominated by the variability of the periodicity and not by the
one of the stochastic process. This is not surprising, since a mod-
ification of the value of the cut-off energy has a small impact on
the electrons producing the optical photons. It is also encouraging
that a minor deviation between low-energy Fermi data and our sim-
ulations present in Figure 6 shrinks to an irrelevant difference in
presence of periodicity.
Figure 9 displays the periodograms of the simulated light
curves in the SMARTS, X-ray, Fermi-LAT and H.E.S.S. ranges,
without applying any temporal binning on the short term simulated
light curves. The optical and GeV simulated light curves have a
clear and strong bump around 600-700 days, being appreciably (if
not dominantly, for the optical) sensitive to the periodic variation
of δ, while the X-ray and TeV light curves show a less significant
bump, since they are especially sensitive to the stochastic change
of γcut(t). This is qualitatively consistent with the lack of detection
of periodicity in X-ray or VHE ranges till now.
5 DISCUSSION AND CONCLUSIONS
Multiwavelength data spanning up to 10 years of observations
of the blazar PKS 2155−304 have been gathered and studied
in this work. SMARTS optical, RXTE, Swift /XRT and XMM-
Newton have been analyzed, as well as HE and VHE gamma-ray
data taken from Fermi and H.E.S.S. Collaboration et al. (2017), re-
spectively. Optical and HE ranges shows only little variability with
respect to the variability found in X-ray or in VHE. This seems to
be a characteristic shared with other BL Lac (e.g. Mrk 421) and in-
dicate a close link in the population of particles that emits the low
and high energy parts of the SED.
As in VHE (H.E.S.S. Collaboration et al. 2017), X-ray and
optical bands exhibit a log-normal behavior, indicative of a multi-
plicative process. This is also an argument for a link in the origin of
the variability of both bands. Nevertheless, the tentative indication
for periodicity around 700 days found in optical and HE is observed
neither in X-ray nor in VHE.
The time-dependent SSC model used in this work explains
well the evolution of the variability with energy, except for the opti-
cal band. Adding a periodic component in the model helps in better
describing this energy range, and also improves the agreement in
the HE range. Although model-dependent, this is another encour-
aging indication that stimulates further studies to confirm the hint
of a periodicity reported here with future, independent datasets. Our
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Figure 7. PSD of the H.E.S.S., Fermi-LAT, X-ray and SMARTS energy ranges (from top to bottom). The black curve is the PSD of the data. The orange curve
represents the PSD of the simulated light curves with no time-binning applied while the blue one is for the rebinned simulated light curves.
model also reproduces the non-detection of the periodic behavior in
X-ray and VHE bands. Independently of how realistic the models
discussed are, our results are a healthy reminder that depending on
the energy range of interest, the mechanism(s) dominating the ob-
served variability can be different.
Still, some questions remain on the origin of the variability
of the whole spectrum of PKS 2155−304. For instance, it is worth
keeping in mind that the observed log-normal behavior is not ex-
plained in the models discussed in this article, and a consensual
quantitative theory of its microscopic origin is still lacking. Defi-
nitely, more long-term observations of different blazars would be
needed to extract common features and differences between ob-
jects, in turn helping refining the theoretical models.
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Figure 9. LSP of the simulated light curves with a periodicity of 600 days injected in the Doppler factor for the optical R, X-ray, Fermi-LAT and H.E.S.S.
bands (from top to bottom).
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